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INTRODUCTION

The analysis of loads imposed on airplanes due to gusts and the establizhment
of applicable design criteria has had a long and complex history. Simplifica-
tions that were made during the middle 1930's led to the use of the “sharp-
edge-gust formula® and an "effective gust velocity" based on the responge of &
standard airplaae. After World War 11 1t was evident that this concept woa
becoming obsclete, particularly with the advent and widespresd use of tech-
nigues for analyzing the dynamic respornse of specific designs to actual Icad-
ing conditione. This required a definition of "true® gust velocities and
shapes for use in such analyses. Such & definition was accomplished several
yesrs ago. A thorough description of the history leading to the change and the
basis of current methods of analysis is given in references (a) and (b). These
reports iist almost every pertine.i r:ference in the field of gust-loads
ansiysis. References (¢}, (d), and (e) are also of interest. (ust lceding
crnditions for airplanee now specified in Bureau of Aeronsutics Specification
MiL-A-8¢20{ Aer), reference {f), are based on the new method described in
reference {aj,

The determination of gust loads on airship fins has also made use of the
effective gsharp-edge-gust concep', with values of design gust velocity chosen
more or less arbitrarily from airpiane sxperience and model tests. It has
become of interést vo apply the new methods, which were developed for air-
planes, to th: analysie of alrship fin loads caused by gusts. Therefore, the
purpose of this etudy i; Lo determine the response of airships subjected to
gusts, considering the alrship as a two-deprve-of-freedom system and consider-
ing the lift-lag effects on it aercdynamic forces induced in the fins.
Various primary parameters are varied to determine the significance ¢I their
effects. Also, the effects on the hull of gusts that are critical for the fins
was investigated.
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DEFINITION OF SYMBOLS

Regport No. E-114

Symbols are defined in the order in which introduced inte the analysis.

= serodynamic force on hull
= aerodynamic moment on hull

= aerodynamic force on tail

1

mss of airship
= moment of inertis of airship

trangverse apparent mess factor

rotational apparent mass factor

fl

t

vertical translaiion of tail

H

= pitehing rotation of hull c.g.

i

NOMNM IaH®RHIMX,D

surface (%-chord point)

r
-
i

= 1ift due to gust

L}

alr denaity

it

forwasrd veliocity

area of tasl

SR IL<~>T

"

maximum gust velocity

vertical translation of hull c.g.

= 1ift due to disturbed motion of tall

variable gust velocity, normal to flight path

radius of gyratvion of effective airship, _j M

distance from c.g. to aerodynamic center of tail

slope-of-1ift curve of tail based on sspect ratio
including projected area across hull between fins.

(Pﬁh unsteady-1ift functi~n giving the growth of lift on a
finite-span surface subjected to a sharp-edge gust.
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¢Q) = unsteady-1ift fuiction giving the growith of lift on a
finite~apan surface subjected to a sudden unit change
of angie of attack

‘5‘"‘;& = slope of curve of coefficient of 1ift for hull
‘% = slope of curve =~f coefficient of moment ior hull
3’. = maximam croga-gectional area of hull

= total length of hull

distance travelled in half-chord lmgtm,(-%»gg)

time travelled

i

mean aerodynamic chord of tail fin
half the length of the hull

= maximam radius of the hull

xH 6o

AG)

RS - rexvonse Lo guit «f oy ared oary shane

11}

response to sharp—edge gust

gust factor, pesk value of R{s)

A
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' METHOD OF ANALYS!IS

A. Establishment of Equations of Motion -

The basic simplification that is made in this analysis is to separate the
effect of the gust on the fing from iis e&ffect on the hull. Later it is shown
that the c¢ffect on the hull is small enough to justify this assumption. One
reason for this is that the spatial extent of gusts most critical for the fins
is small relative to the length of the hull. However, changes in total 1lift
and moment acting on the hull due to changes in angie of attack or yaw will be
included.

The airship will be represented by a simplified system shown by the following
sketch:

The coordinates of the hu'l c.g. ave taken as O, F and the coordinates of
the tail are taken as l‘, X . The meas and moment of inertia of the lumped
mas is taken to include the actual hull epparent mass factiors. The asro-
dynamic behavior of the tail surface is assumed t0 be concentrated at the
serodmanic center. The gust is taken to act orly on the fins.

The ¢y.ations of motion for this system are:

F, + Fe = M("'*“;)f (1)
M, + Fo b= I(If.")é.

“
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By geometry,

Z=Z+ 46
‘e | : (2}

£ =~F + . 6

Substituting (2) into {1), and eliminating & from the first equation,

Fo+F = (i+4,)M(3 - ek _ M L;
h : )W) (1+4')T (H.&‘}I) S

M., + E;/C;z ("*‘A')Ié.

Introducing the radius of gyration of the system, including apparent mass
factors, the equations of motion can be reduced to

, " Nk s oo ) 2
(1+ £)ME = F, + F',e(l*.éi)-i— Mh-‘;{
(!"PA’}I.B = Mﬁ + Ft L-g

It 18 now necessary to define the aercdynamic forces in these equations.
Fe = Le + L
L s m

Lg=Lify due to the qust directly

{4)

L= Lift due to the disturbed motion of the tail caused by the gust

F;, = Lift on airship hull due to change in angic caused by the gust
acting on the tail.

M., = Moment on airship hull due to change in angle ceused by the gust
acting on the tail.

Prior to encounterirng ihe gust, the airship is assumed to be in equilibrium.
Angular changes duc v the gust are meseured from the initial position, which
can therefore be taken tc be zero. Lg and L. must be determined by introducing
appropriate lift-lag functions into Duhamel irntegrs=lis in order to determine
the accumulated 1ift at any tims while the angie of attack is varying. Further
background on this step is given in refersnce (cj, psges 262-265.

A = e M T S e W S o
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2 ~$
Ly = ZpPV Sm[ 9’1(5"5‘)4:“{*-(r)dr

Ln==ev'sm [ $(s -0 [0 + 207 4,

(5)

Fo= CLgpVe Sy = J22 2PV S 60
M, = CmE PV Sh £y~ 3Sm1,ves, £,60)

%) and @(3) are the respective functions which describe the build-up iu
l1ift and occurs on an airfoil penetrating a unit sharp-edge gust and an air-
foii experiencing an instantaneous unit change in angle of attack. Putting all
of these expressions for the aercdynamic forces into the equations of motion

gives the *ollowing: &
(1+&)IME = .3‘.3& F,V'5,6(t)+ g%v_é. PVY’S, .fé;’é!e(t)

z s )
+ f- Y 'Sm (1+ -’,._!.,_){[ ¢ '(s-0) -‘%Q de

$ |
- '[ ¢ (5..,-)1‘;_ [o(e) + iv‘?-’]dr}

(6)
(1+ &')T 6= g-f;ﬁf,ov*s., L, 6@)
4
+ 3PV SMLz{[t}"(S“f)—“%@Jr
s .,
...[ ¢ (s-r)j’;[o(a-)-o- %ﬂ]dr}
-6 ~
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Since the lift-growth functions depend on the distance rather than the time
travelled, the equations of motion are transformed to make dictance the
independent variable.

Let S= (‘2\! t) the distance travelled in half-chords of the fin.

ds = (&Y)dt

, - dr . L1 (2Y)
Bedre drfpe 2@

Z = z”(%!)" (7)
Similarly,
6 = o'(&Y)

ve " 2

6 = 6"(5)
Putting these expressions into the equations of motion, sclwving for s" and 6%,
and simplifying,

Z%s) = &y 05, c"_60s) dC AL L 2 9(s)
) ‘“%beT * d mifs"”.ﬁ%(u%a

T s o
+%FSM(1+F5)§'(,+;,)M (fﬁ"{s-r)_‘ﬁ\"_/@)d‘_ (8}

Report Mo. E-1 1N
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Hern . dC , s
)= &m c” O(s
GO= TSt S A5 55
Sme, S L [ [0l g G0
+irSmb & o {[W’“"') Sl L

s Ly
...[¢ (s-w)ﬁ[e(r) + %z”(r)]drj

Constants can now be defined as follows:

K'= 3__;_2‘_ :. = z:'t'r;la)"gz'g
K = K' + Kgle ¥ = z(HAs)M/s.. o |
e ” ;%/". —%‘ 2(1+4 e |
Ks = --4;-/-‘5-“---‘l e " (i+ ;pcm
gl s

Using these constants, the equations of motion can now be stated more simply
in the following manner:

Z'(5) = K,0(8) + K {fy( -0*21,,
..‘[ ¢(s-r)2%; [G(r) +-§~z'(¢)].l;}

(10}
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THESE TWO EQUATIONS REPRESENT THE BASIC MATHEMATICAL STATEMENT OF THE *STICK-
FIXED" CONDITION OF THE AIRSHIP ENCOUMTERING A GUST.

Cértain simplifying assumptions can be made to expedite solution of these
equations, First, consider only the terms with the braces. In the first
integral, let &% (3’7")* w", a constant, or sharp-edge gust. Solutions obtained
for a sharp-edge eust. can be used to obtain a response for any gust profile,
using the NDuhamel integral. In the second integral, é(s-d can be aseumed

to0 be unity since the aspect ratio of airship tail surfaces is generally very
low. This means that the initial lift due to an instantaneous change in angle
of attack is about 70% of the steady-state 1ift, to which it converges in less
than three chord lengthe. With these assumpticns, the integ.als are treated
as follows:

° \"4
’ ¢ (11)
f¢(5“f)j:.[9(¢) + g“Z'(r)]dr = 6(s) + %— z/(s)

Equations (10} therefore become

Z2'6) = K, 8(8) + K[ y(s)-06)- z'(s)]

(12)

6"(s) = K, 6(s) + K4[-9- y(s) -6~ £ 2'(s)]

The equations of motion are now in a suitable form for solution, but before
proceeding with this, the riext section will establish the furction ¥(S)
that will be used.

8. instesdy-1ift Functions -

The exact form of the lift-growth functions for an airfoil subjected io

sudden changes in angle of attack or penetrating gusts is dependent on the
aspect ratio. Extending previous work by Wagner and Kussner on the infinite-
aspect-ratio wing, Jones solved the problem for the finite-aspect-ratio wing
in reforence (g). Figure 1 was prepared from data given in reference (g} for
aspect ratios of 3, 6, and infinity. The limiting case for an aspect ratio

-9 -
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of zero is shown by the empirizal dotted curve, wherein the lag effect is
considered to be due oniy to the penetration of the full chord length. The
function @(S)w I~ e % wes selected as a simple approximation applicable
to the range of aspect ratios from 1 to 2. This simple form of the function
facilitates numerical solution of the equations later.

€. Solution of Equations -

The equations of motion are now in & form that can be readily solved by use
of the Laplace Transform. While i% is poseible to solve the differentisl
equations directly for z(s), it is much easier to solve for =*(s) directly
and then integrate numerically to obtain z'(s) and z(s). Referring to
pages 14, 204, and 295 of reference (h), the following orerations can be
witten:

Z{z'w) =29 Z{o'@} - %)
Z{z'w} =3 E@ X{6}=+58"P
Z{z)} =hZE Z{60)= 4.8

(13}

N -3 | ! i
Z{"(s)} = Z{Iw—g TP T ECpr)y

IntToducing these transforms into equation (12} leads to the felluwing
algebraic simultaneous equations’

2(p) = 25 8 + [V () - e Fep)

(14)

(P = 225 54 v ko[ (58m) - & 279




Contract Ho. NOas 5§-795-c Report No. E-114

| Collect z"{p) and B"(p) terms,

D"l" E ( ) - K- KI
2Ka =0 - K
= 2"+ [- 5'—:-3]6‘@)' v Gg)

Eliminating 8"(p) and sclving for Z®(p),

P™+ %, (K Ky — K K3) ))
z (G K’V{[y'+""p 2y (Ke- K,)ﬁﬂ&&*“:%ﬂ(f“ e

Let Nip) and Q(p) functions be defined as follows:

2 My
N = PP+ T,
QP) = (PP + M p* + Mgp + Mg)(p+i)

where

M, = K,
M& - K| K4 i Kl. K,}
M’ = é.é_(.l (18)
Mq = K4 han K.‘
= .é- M‘

If the polynomial Q(p) ir now assumed to be completely factored, it will
appear in the form

Q(P) = (F - 5.)("' 5;)(?"53)(r+') (19)
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Using Heaviside's Partial Fractions Expansion (see Section 16 of reference
(h}), the inverge transfom can be readily obtained, so that the solution for
z"{s8) can be stated in the form,

N(B) s, NBs) .05 N( -c}
29" &7 (G & e A e +ed €)=

In this form it must be noted that @, (B ) is defined as the number (which
may be complex) resulting from substituting p = B, into ail the factors of
dp), but omitting the factor (p - Bn), which is zero.

The solution for 8"({s) can be cbtained in a similar manner, but is not carried
through here because z"(s) is the pertinent, variable that determines the
structural loads acting on the airship fins. The solution for z"(s) can be
put into non-dimeneional form by dividing by the simple solution that would

be obtained if lift~lag effecis were neglected and the fins were assumed
constrained from moving in the direction of the gust.

Y
"Constrained-fin" force - t (’V S MU/¥
Effective mass - W(’ + B,

$0+ 1)

r

Acceleration =

]
Transforming Z(t) to 2"(s) requires multiplying by (&) , and dividing all
of this into equation (20) gives the non-dimensional response factor to a
sharp-edge gust.

| Ks % NG;) N(B
N} = . f _____i_} «Qs
A(S) %Pvzsm% 4V‘) u. G‘('I) “’- iny Qi('i)c ‘
W(H-.l_l"
3(o+£¥7__)

All of the factors outside the summation cancel nicely to unity, leaving only
the surmation as the non-dimensional response factor, A(s). With this
factor tne response to any gust can now be obtained vsing the Duhame!

integral,

- 12 -
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R(S) =fsw;'(r)A(s-m)dr

where wg (8) is the derivative of the gust velocity distribution. The 1 -
| cosine gust will be used in the following form:

N o V) I - o« 2SS B
%(5)‘~"Z-(’ cos L)

ey = T o0 2ws
%(s‘) T sin £7=

Substituting this expression into the Duhamel integral vields,
U S, 2
R(S) = -——fsm-lr-‘-’-'A(s-a')da'
L L
o

This is readily solved by numerical integration. The calculating procedure
is explained in the numerical example of a typical case given in Appendix A.

0. Parameters -~

The basic parameters involved in the solution of this problem are given by
equations (9) and are restated here.

" __E__ Z(N"‘a)M/S_b
8 4/,‘ h T 'p ¢ JE"/J
Krg = K', + K /l 4‘8 M
e #n lf?: “")'-/:i
He = 3%

e = 2('+~":)M/3
Ky = 2% A~ (|+;:{'),ocm

.c . 4 . 20+ 4) Mg
K“V“ﬁ Von pcm

| 3

Data was obtained from the Bureau of Aeronautics for a representative group
of airships. Values for apparent mass factior, when none were given, were taken
from Figure 2, based on Art. 155 of reference (i),

- 13 -
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In order to obtain values for JC¢/ and AC"}(‘,‘, for the airship hulls,
aerodynamic data available for wdms of revolution in references {j), (k},

. Figure 3 presents curves of C, versus 2¢ for
Vilues of C, , based on meaximum cross-sectional
area, are seen to be roughly in proportion to the fineness vatio, or, in other
words, the total value of lift is roughly proportional to the planform ares.
Although the correlation is not considered especially good, it iz shown jater
that the effect of aerodynamic terms is quite small and it therefore suffices
to take average values bagsed on Figure 3. Also, linear approximations to
these curves were taken by using the secant values through OC = 0 and 10°,.
Bazed on the availabie data, dc‘/ was taken &s 0.01%/degree L. & {inenass

(1), and (m} were enalyzed
various fineness ratios.

ratio of 4,24,

L

In a similar manner, d% was taken to be 0. OOS/degree

for u fineness ratic of 4.24. For other fineness ratios, these values were

adjusted proportionately.

Values of the basic parameters

following table for four different types of airships:

AIRSHIP - T256-4 282G-1
Fin + A
Arrangement
/a,, 19.4 14.6
y A 122.9 91.7
/a, 5.63 5.44
/a, 22.8 2.4
K, 1.06 1.67
Ko .00629 .0110
Kz 1.68 2.28
K, 0123 0158

ZPG-2

x .

17.8

112.8
5.60

27.4
1.64
.00750
2.04
0122

r motions in the X-Z plane are listed in the

ZR~3
(Los Angeles)

NOTE: Forces on the tail and, therefore, the above parameters are

basad on the exposed area of the fins.

The values given in this table and certain variations of them were used in
computing & series of numerical examples to illustrate the effects of gusts

and the importance of different parameters.

- 14 -
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DISCUSSION

Using the method of analysis and parameters presenied in the previous gection,
a series of numerical examples were computed. The first objective was Lo
determine the basic nature of the airship response and the size of gust which
produced maximum peak scceleraiions. Tne Z54+-4 airship was used for this
purpose. The calculated response to a sharp-edge gust is shown in Figure 4;
this was used to compute pesk accelaraiion responges to 1 - cosine gusts o
various lengths. These results are shown in Figure 5 and indicate that a guast
with a total length of about six half-chords can be taken as critical, that
is, the shortesat-length gust near peak response, A time history of response
to this gust is shown in Figure 6. The significant result shown by these
curves is that peak accelecration ogcurs very shortly after the gust peak,
which, for a typical forward speed of 52.5 knots (chosen to give an even Lime
scale), iLa of the order of 0.4 seconds from the beginning of any perceptible
displacement or motion of the fins. It therefore appears that there cannot
be any significant pilot response at the time of peak acceleration caused by
the gust. After a second has elapsed, however, welocities and displacements
become very large, and it is certain that pilot response will begin to affect
the airship motions at this stage,

Also shown on Figure 6 is the response calculated with the hull aerodynamic
terms sntirely omitted. It i3 evident that the effect of this change is very
small, and justifies the linear approximations developed rreviously for
€Cu/ and  3Cmiac. 1t would really be justified to omit them in sl
remaining analyses, but they were inciuded because i* involved virtually no
sdditional effort in the computations.

The next objective to the program was to ascertain the extent to which the
airship was affected by the action of the gust directly on the hull. The
method of analysis for this condition is described in Appendix B. Resultc
are shown on Figuve 7 for the Z52G-1 alrship for repeated and iscliated pgusts
equivalent to the three-chord-length gusts fcund to be critical for the fins,
and for six-chord-length gusts. The curves shown are based on & true gust
velocity of 50 feet per second. . It is evident that the pitch angle caused by
the gust travelling over the length of the hull is small. The case of great-
est interest, the isolated 2,5-chord sinusoidal gust, produces a pitch angle
of about 1.6 degrees. The fin is therefore subjected to an incrament of load

- 18 -
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due to this pitch angle in addition to the angle of attack induced dirsctly

by the gust. This latter angle is of the order of 20 degrees for a %0 foot-
per-second gust, ac that the effect of the gust on the hull is less than 10
percent. A gust of twice the lengthr produces angles up to 2.8 degrees, bhut

this will be offset to some degree by the lower fin respense and the affect

of pilot correction., The effect of the guat on the hull ie therefore sren to

be significant enough to be considered in any refined analysis of a specific i
design, tut is small enough to justify the original zssumption that the effect - §
of the gust on the fins can be treated independent of the hull. For overall
design criteria, thie effect could be ressonabiy taken into account by

choosing a design gust velocity about 10% higher than the actual limit con-
sidered applicable.

The third and primary objective %40 the program was to determine the signifi-
cance of the varicus airship paremeters., In particular, it is of interest to
establish whether or not the parametsr /‘g cari be considered the basic one,
since it is directly analogous to the airplane mazs pxrameter that establishes
alrplane response tc gusts. This point is actuslly somewhst academic, since
airships are all sgo sim:lar in general design that there is nct much variation
in the parameters. However, in order to see the =ffect of a radicel change in
e , three numecical examples were computed starting with the basic
charscteristics of the Z52G-1 airship. In the first exsmple, the moment of
inertia wag arbitrarily increesed tenfold; in the second example, the moment
of inertis was reatored to normal and the fin area was raduced to produce the
same £lg; in the third czasple, the mass was inciessed to produce the sane
e+ Moment of inertia appears in the parameter /d‘ cnly, fin area
Kppears in/, and/“, and mass appears in sll four parameters, //l‘,
4 /“, and ,« . Therefore, this appears tc cover the range
of possible variations. Time histories of acceleration responses are shown
on Flgure 8.

Finaily, the psak acceleraiion recponses computed {or “he various casee are
plotted as a function of &g inu Figure 9. Also shown is the gusi-factor
curve for airplanes, as ;fiven in reference {f), for comparison. It can be
seen that the behavior ie similar, except that sirship responses are higher
because lift-lag cffects for the low-aspecti-ratioc tall surfaces are less
pronounced than for airplanz wings. It is considered that Figurs 9 could
form the basis for a new design gust criterion for airship fins.

- 16 -
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Some [light~test data from instrumented sirships obtsined by “he Aeronautical
Structurea Laboratory, Naval Alr Material Center, was investigated tc see if
tnere wig any experimental verification of type of responses shown in this
report. Unfortunately, the records awvailable were intended for a dGifferent
purposs, 8¢ that the relstively high-frequency loads caused by gust lcads on
the fins could not be detected., (Bee Pigure 10) One thing that the records
did bring out is that large amounts of control-surface deflection from one
extreme Lo the other were constantly being applied. The airship is dbesically
unstable and respouse to control application hax such a lag that the pilot
tends Lo apply control in discrete increments as soon as ne detects s pitching
velocity and then weits to see the effect. This means that full throw of the
controls ils often applied and held for pericd: as long as five seconds. In
continuous turbulence this would certainly mean combinations of critical gust
loads with saximum control poaition.

The control-surface motions appeared to be far more active than warranted by
the fairly mild variations of pitch attituue. Close examination, however,
revealed that control-surface motion was closely correlated with every de-
tectable change in pitch atiitude. Most of the pilot's work, therefore, is
meking corrections for small disturbances. Ghia suggests that z gust-
alleviating device could be quite promising as a means for isproving flying
qualities.

1t would be of great value to obtain more d-ta from instrumented airships
flying in turbulent air. The instrumentation should be set up to detect and
record the tynes of critical gusts indicated by the analysis. It is recom-
mended that a conventional airplane such as the SNB also be instrumented and
fiown along with the airship in turbulence. The airplane could meke passes
by the airsnip and record in intervals as it goes by. With this procedure,
the airplane would serve as an independent means for checking the level of
turhuience and correlating the results obtained from the airship.
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CONCLUSiONS

Gusts that causn critical loading of airship fins are about three chord
lengths long, using the idealized 1 - comine gust shape. Feek loads
occur when the fin has travelled between 1% and 2 chord lengths from
the point where the leading edge first strikes the gust.

The effective mass parameter of the airghip fing is the most significant

~ parameter for detemining the response. The variation of peek accelera-

ﬂ!""’r B PR OEE T C ey

i, .

—

tion response with effective masa parameter is similar to the variation
of gust factor with a.irpiam maas parameter, except that the responses
are much greater. The effective mass parameter could be used =s the
basis for a gust design criterion, or, since airships are generally so
similar, one value of gust factor could be selected as applicable to
all cases.

Design gust conditions should be specified in combination with full throw
of the caonirol surface,

A flight-test program to obtain data on gust loads would be of value.
Such a program should include measurement of accelerations at the tail
with an oscillograph paper speed suitable for detecting gusts of about
three fin chords in length. Measurement of turbulence in the same
region as the airship, using an instrumsnted conventional airplane, would
provide a: independent check of th2 level of turbulence.
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APPENDIN A

RUMERICAL EXAMPLE: ZS4-% AIRRRIP

K = loél M= Iy = L8518

K, = 0.00628¢ My= K, Kq — KgKy= 0.003163
Ky= (578 My & Kg= "§890
Kym 001233 Mg Ko Kp= L 06044
C = 355 Mg = & M, = 0.0001782

Nip)=p" + May, = p* + 0.002004
er) - (r’* My r'& + qu + Mg)(rf )

:._._.( Py .0889p 4+ 006044 4».0560‘78!}{ + 33
P r P F

Factoring first by trial and error to obtain the real root, and then by
madratic formula,

Q(p) = (p +.04380)(p+ 02255 +.05967i X p+ 62255-.05967¢)

B,= —.04380 X(p+t)

Be= ~. 02258 -.059%67¢

By®s —. 022885 +.05967¢

Bq, = = |

N(B) = (~.oy38)* + .002004 = .003822

Q. (B) x (-.0212F +.0597¢Y-. 02128 . 05967 ) 9562)= 003836
N(B.) . 003922 |
Q. = Toossse 1022
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N(B,)= -02255-.05867i) + 002004 = ~ 00i048+.002681(

(B)=(02i25 - 053¢ 7 C.1193((.9THM - Q596 7()= ~ 002
Q,{8)=(02 ) X —.00205%¢L

N(B) -.001048+002690i _  orrre— 3R8S ¢
Q,(B,) = 007112 - 00zOSH L 03515 — .3885 ¢

N(B,)
Q,(e,)
N(B) = )% +.002009 = 1.002
Q. (8= E9562)-9774+05961)C.9774 -.05%7¢)= ~9170
N(B) _ tooe _ .09
Q.(B) _ -9i70
C.0anes-.05067;) 8

A(s)=1.022 €**** + (03515 -.3885() €
+(.03515 +.3885°() e BIIHOEMIV | rez e
AG)= l.ozz ™" — L0935 e~* |
+ e~E35IB( 6708 cos @ + .777/8in B)

where O= 05967(57.3)s = 341%s degrees

This equation was used to compute and tabulate valyes of A(s) from £=0 to 10,
Computation of the response to & &-half-chord-length gust with a pesk velocity
] of unity is based on the integral,

Re) = .Il‘. sm-—-—IA(s-o-)dr
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This was solved by numerical integration, trapezoidal rule, using
Dew = .25, for s =0 to 8.

Therefore, R (n) z% g (’i" #XA(”“" 7

wherein the first and last téms are sero.

The procedure for accomplishing this was to list values of Al(B) at 8= .25
intervale in reverse order, starting with the walue of A{2) 2% 5 =8 a.d ending
with seru, the value at 8 =0, &t the bottom of the colusen. On another sheet,
successive values of sin gf at = .25 intervals wers iisted from 6"z 0 to 8
it & column with zero, the vajue at & = §, at the top, A succession of sums
of producte was then made by first placing the Als) sheet zo that the bottonm
value, zero, appeared elongeide the top value, zerc, of sin¥J, The product
of the two adjacent numbers, saro, was rscorded. The Ais) sheet was then
moved down one number zo that A(.25) appsared slongside the first value of
sin®f . The = nf two products of adjacent numbers was then computed, which
wes still zero. again the shest was moved down to yield three pairs of adja-
cent numbers. Now the sum of products gives 2 finite value, As the sheet ig
moved down for sach new summation, one additional product is pieked up until
23 products (excluding the two sero terms) are involved at s =6, Since this is
the end of the gust, further values of sin v’ are all ssro and 25 producis
continue to b¢ involved for velues of Rig) beyond s =8.
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APPENDIX B

EFFECT OF QUST ACTIXA SIRECTLY 60 muLL

Tne totel loads imposed on airship fins by guste muat also include any angle
of attack cauged by the gust acting directly on the hull. The method of
srzalysis for this condition is described in this section,

[ iz noted (reference (ki) that the 1ift on a body of revolution at an in-
¢i instien Lo the airstreanm is composed of a part due to the potential flow
and & part due to the viscous drag of the cross-flow component. At large
arxgles of attack, the latier component is by far predominant. Also, there is
scme questicn as to what kind of potential flow pattern can develop cver a
bady of revoluticn when the cross-flow may change from a maximum positive to
a maximum negative value several times over the body length. Therefore,
potential flow effecta are negiected, and the forces on the hull are calcu-
lated on the basis of drag forcea only, in the folluwing manner:

(Ui, E , }
vV ol et i X - R
- 4
—a—f—a
W§ = {J 3:’nf~?2 (V'C --;p) B-1)
An alternating sinusoiual gust pattern was
agsumed, whose relation to the l-cosine gust /\

l shape is shown at the right. The fin response
to a 2.5-chord half sine wave is essentially
the samne as the response Lo & S-chord l-cosine

wave form. (This relationship was thosen on

et

/

7 \
the same basis as the 25-chord, l-cosire ' , 25%¢
gust shape was selected for airplanes as I | ‘

equivalent to the former concept of a JcC

- 24 -~

T R S — ¢ i T i o e T e T S T e T O e
—_ < 3 - e — - L - © AR - = - N




v iapem—— e et 4

Contract No. HGag 58-785-c Report Mo. E-11%

Framp® gust shape that peaked in ten chord lengihs. Thie point is noted
in reference (a).}

Time is zero at the instant that the Z-axis, moving with the hull, is coin-
cident with the beginning of the gust.

Consider the force acting on any slice of the hull at a distence x aft of the
bow, The force on this slice ig calculated on the basis of the two-dimen-
sional viscous flow about a cylinder.

32’

g.—7 W2
— )
dF = C,3 p wi* (22)dx (-2

In this analysis, a value of 0.5 was used for Cd, based on data given in
re{erenze (n) for the large Reynolds' Number applicable to airships. Equa~-
tion (B-1) gives the value of Wo varving with time, that acts on the slice.
Assuning an elliptical hull shape,

Z= R[l-.(%_.,)z]?‘/‘ (B-3)

Assuming the hull c.g. to be at the center of the ellipse, the monent due to
the force acting on the slice is,

dM = (a -~)dF (B-4)

Combining equations (B-1), (B-2), (B-3), and (B-4) gives,

. 2
dM = (a-) c‘pUz[s:n;"-;_z(vt-&)] RE - (% - i)z] ‘&dm (B-5]

The total moment acting at any time depends on how far the hull has penetrated
into ine gust, this distance beine; Vt. Fquation (B-5) must therefore be inte-
grated from 0 to Vt to obtain the instantaneous value of total moment. Divid-
ing by the moment cf inertia gives the rotational acceleration, from which
rotational displacement can be obtained by a double integration over time.
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' (B-€)
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This integral can he put in terms of the dimensionless parameter x/a by
changing equation (B-6) to:
(B-7)

-‘f:i—f-‘iﬁ 2" Ppne 2] - 21400

All the terms inside the integral are independent of the geometry of the air-
ship except for the ratio a/2,5c, which relates the hull length to the length
of gust critical for the fin. Typical values of a/c, the ratio of hull
length to fin chord, are:

752G~ 1t 2,84
5G4 ; 3.73
ZPG-2: 2,72
7R-3: 4,82

These values do nuvt cover too wide a reonge teo rrevent choosing one representa-
tive value of a/2.5c as generally aprlicable to all airsnips., It must be
remembered that the oritical Yengths of gusts had a& trced range {note fig-

ure 5) and the one selected for analysis (represgented here by 2.5) was fairly
arbitrary. If lenger gusis are tnken in compinaticn with airships having &
higher value of a/c, the value a/2.5¢ = 3/2.5 can be considered reaguriably
applicable to all airships. Solutions for any airship, therefore, can be
obtained by using appropriate values for the constants outside the intergrsl.

Solutiong obtained for the ZS2G-1 airship sre shown in Figure 7,
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TAIL DISPLACEMENT (feet) & VELOCITY (ft/sec)
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